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(54) Apparatus and method for generating a summary according to hierarchical structure of topic 



(57) A text summarizer detects the hierarchical 
structure of topics in a document and extracts boundary 
sentences conesponding to the turning point of a topic 
from a candidate section of a topic boundary using the 
relation degree between a sentence and a topic pas- 
sage. Then, the text summarizer extracts topic introduc- 
tory sentences serving the purpose of introducing a top- 
ic from the introductory part of the topic beginning with 
this boundary sentence, and generates a summary us- 
ing both the t boundary sentences and topic introductory 
sentences. 
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Description 

[0001] The present invention relates to an apparatus and method for summarizing machine-readable documents 
written in a natural language, etc. In particular, it is intended to support a user to read a long document on a computer 
5 display, such as a manual, report, book, etc., by generating a summary which can be accommodated in approximately 
one screen and provides a user with the essence of the document content. 

[0002] For a prime text summarization technology which is currently actually used, there is a technology of generating 
a summary by detecting and extracting a key sentence in a document. This technology is further classified into several 
methods according to a clue used to evaluate the importance of a sentence. For the typical methods, there are the 
10 following two methods. 

(1 ) A method utilizing the appearance frequency and distribution of words in a document as clues; and 

(2) A method utilizing the coherence relation between sentences and the appearance position of a sentence as 
clues. 

15 

[0003] The first method, first determines the importance of words (phrases) in a document and evaluates the impor- 
tance of the sentence according to the number of important words contained in the sentence. Then, the method selects 
key sentences based on the evaluation result and generates a summary. 

[0004] As methods for determining the importance of a word in a document, there are several well-known methods 
20 as follows: a method of utilizing the appearance frequency (number of times of use) of the word in a document without 
modification, a method of weighing the appearance frequency of the word with a difference between the appearance 
frequency of the word and the appearance frequency of the word in a more general document collection, etc., and a 
method of weighing the appearance frequency of the word with the appearance position of the word, for example, 
weighing a word which appears in a heading to be important, etc. 
25 [0005] The text summarization method of this kind, for example, includes the following methods. 

[0006] Japanese Patent Application Laid-open No. 6-259424 "Document Display Apparatus and Digest Generation 
Apparatus and Digital Copying Apparatus" and a piece of literature by the inventor of the invention (Masayuki Kameda, 
"Extraction of Major Keywords and Key Sentences by Pseudo-Keyword Correlation Method", in the Proceedings of 
the Second Annual Meeting of the Association for Natural Language Processing, pp. 97-1 00, March 1 996) generates 
30 a summary by extracting parts including many words which appear in a heading as important parts deeply related to 
the heading. 

[0007] Japanese Patent Application Laid-open No. 7-36896 "Method and Apparatus for Generating Digest" extracts 
major expressions (word, etc.) as seed from a document based on the complexity of an expression (length of a word, 
etc.) and generates a summary by extracting sentences including more of the major expression seed. 
35 [0008] Japanese Patent Application Laid-open No. 8-297677 "Method of Automatically Generating Digest of Topics" 
detects "topical terms" based on the appearance frequency of words in a document and generates a summary by 
extracting sentences containing many major "topical terms". 

[0009] The second method judges the (relative) importance of sentences based on the coherence relation between 
sentences, such as sequence, contrast, exemplification, etc., or the position of sentences in a document, etc., and 

40 selects important sentences. 

[001 0] This method is introduced in pieces of literature, such as Japanese Patent Application Laid-open No. 6- 1 2447 
"Digest Generation Apparatus", Japanese Patent Application Laid-open No. 7-182373 "Document Information Search 
Apparatus and Document Search Result Display Method" and a piece of literature by the inventors of these inventions 
(KazuoSumita,TetsuroChino,KenjiOno and SeijiMiike, "Automatic Abstract Generation based on Document Structure 

45 Analysis and Its Evaluation as a Document Retrieval Presentation Function", in the Journal of the Institute of Electronics 
Information and Communication Engineering, Vol. J78-D-H, No. 3, pp. 511-519, March 1995), and a piece of literature 
by another author (Kazuhide Yamamoto, Shigeru Masuyama and Shozo Naito, "GREEN: An Experimental System 
Generating Summary of Japanese Editorials by Combining Multiple Discourse Characteristics" in the IPS J SIG Notes, 
Information Processing Society of Japan, NL-99-3, January 1994), etc. 

so [0011] These text summarization technologies are effective for a single-topic text, such as a newspaper article, ed- 
itorial, thesis, etc., but it is difficult to generate a summary of a long text which comprises several parts of different topics. 
[0012] According to the first method, it is difficult to determine the importance of words in such a multi-topic text 
because important words should differ for each topic. 

[0013] According to the second method, coherence relation between sentences, which is expressed by a conjunction, 
55 etc., is local. Therefore, it is difficult to judge the relative importance among large textual units, such as those beyond 
a section, because they are usually constructed only with weak and vague relations or arranged almost at random 
from the view point of coherence relations. 

[0014] Under these circumstances, a technology for generating a summary in combination with a technology for 
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detecting topic passages in a document has been developed to solve this problem. 

[001 5J For example, a piece of literature by the inventor of the present invention (Yoshio Nakao, "Digest Generation 
based on Automatic Detection of Semantic Hierarchic of a Text", in the Proceedings of a Workshop held alongside the 
Fourth Annual Meeting of the Association for Natural Language Processing, pp. 72-79, March 1 998) and a prior Jap- 
anese Patent Application No. 1 0-072724 "Digest Generation Apparatus and Method thereof" (corresponding U.S. Ap- 
plication No. 09/176,197) discloses a technology for detecting the hierarchical structure of topics in a document and 
extracting sentences containing many words characteristic of each topic. 

[001 6] Japanese Patent Application Laid-open No. 11-45278 "Document Processing Apparatus, Storage Medium 
recording Document Process Program and Document Process Method" discloses an idea of dividing an entire docu- 
ment into several sub-documents, detecting the break of a topic flow by checking the lexical similarities between the 
sub-documents and generating a summary for each topic. 

[001 7] Although this literature only briefly discloses the detection method of the change of topics at an abstract level , 
it is considered to be a variant of the prior art, such as a piece of literature by Salton et al.(Gerard Salton, Amit Singhal' 
Chris Buckley and Mandar Mitra, "Automatic Text Decomposition using Text Segments and Text Themes, in Proc. of 
Hypertext '96, pp. 53-65, the Association for Computing Machinery, March 1 996). 

[001 8] Although it does not aim to generate a summary of a long document, Japanese Patent Application Laid-open 
No.2-254566 also presents a text summarization method based on topic passage detection. It detects semantic par- 
agraphs by connecting a series of structural paragraphs (paragraphs structurally distinguished by an indentation, etc.) 
based on their content relevance, and generates a summary using keywords with a high appearance frequency ex- 
tracted both from the entire text and from each semantic paragraph. 

[0019] However, there is a problem relates to textual coherence of a summary. To make a very short summary of 
less than 1 % of a source text, only a small number of sentences can be extracted among many important sentences. 
Therefore, a summary generated simply by extracting important sentences may become merely a collection of unrelated 
sentences. Furthermore, an important point with originality should be new information and needs some introductions 
for a reader to understand. 

[0020] At this point, some appropriate mechanisms are required for improving textual coherence of a summary and 
for making a summary understandable in addition to the conventional text summarization technology described above. 
[0021] In addition, there is another problem relates to readability of a summary. A summary of a long text naturally 
becomes long. For example, a summary of a book of one hundred pages will be one page even in a high compression 
rate of 1 %. A one-page summary is much shorter than such a long source text, but is too long for a user to read easily 
without some breaks indicating turns of topics or discussions. Even for a entire expository text, a piece of literature by 
Yaari ( Yaakov Yaari , "Texplore-exploring expository texts via hierarchical", in Proceedings of the Workshop on Content 
Visualization and Intermedia Representations (CVIR '98), Association for Computational Linguistics, August 1998) 
proposed a method for visualizing a hierarchical structure of topics with generated headers to assist a reader in ex- 
ploring content of an expository text, it is strongly required for a summary to help a user to understand quickly. 
[0022] At this point, the Japanese Patent Application Laid-open No. 6-12447, described above, also discloses a 
technology for generating a summary for each chapter or section which is detected using a rendering features of a 
logical document element, such as a section header tends to comprise a decimal number followed by capitalized words. 
However, such a method that detects a large textual unit based on rendering features is not expected to have wide 
coverage. In other words, since rendering features of logical elements vary according to document types, there is a 
problem that heuristic rules for detection must be prepared according to every document type. Moreover, the logical 
structure of a text does not always correspond to its topic structure, especially in such a case that a section comprises 
an overview clause followed by the other ones that can be divided into several groups by the subtopics they discuss. 
[0023] To avoid these problems, the present invention using a method to detect the hierarchical topic structure of a 
source text not by rendering features but by linguistic features a text has in general, and provide a mechanism to 
improve the readability of a summary based on the hierarchical topic structure of a source text. 
[0024] Embodiments of the present invention aim to provide a text summarization apparatus for generating a sum- 
mary easy to understand from a long document and presenting a long summary in a manner that is easy to read and 
a method thereof. 

[0025] The invention is defined in the independent claims, to which reference should now be made. Further, advan- 
tageous features are detailed in the dependent claims. 

[0026] In a first aspect of the present invention, the text summarization apparatus comprises a structure detection 
device, a leading sentence extraction device and a summary composition device . The structure detection device detects 
the hierarchical structure of topics in a given document. The leading sentence extraction device detects an introductory 
part of each topic and extracts one or more sentences directly indicating a topic content from the detected introductory 
part in a concentrated manner. The summary, composition device groups the extracted sentences for each topic and 
generates a summary. 

[0027] In another aspect of the present invention, the text summarization apparatus comprises a leading sentence 
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extraction device and a summary composition device. The leading sentence extraction device detects the introductory 

part of each topic in a given document and extracts one or more sentences from the introductory part in a concentrated 

manner. The summary generation device generates a summary using the extracted sentences. 

[0028] For a better understanding of the invention embodiments of it will now be described, by way of example, with 
5 reference to the accompanying drawings, in which: 

[0029] Fig. 1 shows the basic elements of the text summarizer of the present invention. 

[0030] Fig. 2 shows the basic configuration of the text summarizer. 

[0031] Fig. 3 shows the configuration of an information processor. 

[0032] Fig. 4 shows a variety of storage media. 
10 [0033] Fig. 5 shows an example of the headings in the first input document (No. 1 ). 

[0034] Fig. 6 shows an example of the headings in the first input document (No. 2). 

[0035] Fig. 7 shows an example of headings in the first input document (No. 3). 

[0036] Fig. 8 is a flowchart showing a tokenization process. 

[0037] Fig. 9 shows the first input document. 
15 [0038] Fig. 1 0 shows the first tokenization result. 

[0039] Fig. 11 is a flowchart showing a morphological analysis process. 

[0040] Fig. 1 2 shows an example of a dictionary consultation in the case of Japanese-language lookup. 
[0041] Fig. 1 3 shows an example of a dictionary consultation in the case of English-language lookup. 
[0042] Fig. 1 4 is a flowchart showing a topic structure detection process. 
20 [0043] Fig. 1 5 shows a series of cohesion degrees. 
[0044] Fig. 16 shows a cohesion distribution. 

[0045] Fig. 1 7 shows a relationship between a moving average and a document area. 
[0046] Fig. 1 8 is a flowchart showing a topic boundary detection process. 
[0047] Fig. 1 9 shows a cohesion force distribution. 
25 [0048] Fig. 20 is a flowchart showing a topic boundary candidate section unification process. 
[0049] Fig. 21 shows data to be unified. 

[0050] Fig. 22 shows the first detection result of a topic structure. 

[0051] Fig. 23 is a flowchart showing a leading sentence detection process (No. 1 ). 

[0052] Fig. 24 is a flowchart showing a leading sentence detection process (No. 2). 
30 [0053] Fig. 25 shows the first detection example of a boundary sentence and a topic introductory sentence. 

[0054] Fig. 26 is a flowchart showing a leading sentence extraction process. 

[0055] Fig. 27 is a flowchart showing a central cohesion calculation process. 

[0056] Fig. 28 is a flowchart showing a summary composition process. 

[0057] Fig. 29 shows the first summarization result (No. 1). 
35 [0058] Fig. 30 shows the first summarization result (No. 2). 

[0059] Fig. 31 shows the first summarization result (No. 3). 

[0060] Fig. 32 shows the second summarization result. 

[0061] Fig. 33 shows the first improvement example of the second summarization result. 

[0062] Fig. 34 is a flowchart showing a leading sentence output process. 
40 [0063] Fig. 35 shows the second improvement example of the second summarization result. 

[0064] Fig. 36 shows headings in the second input document. 

[0065] Fig. 37 shows the second input document. 

[0066] Fig. 38 shows the second tokenization result. 

[0067] Fig. 39 shows stop words. 
45 [0068] Fig. 40 shows the second detection result of a topic structure. 

[0069] Fig. 41 shows the second detection example of a boundary sentence and a topic introductory sentence. 

[0070] Fig. 42 shows the third summarization result. 

[0071] The preferred embodiments of the present invention are described in detail below with reference to the draw- 
ings. 

so [0072] Fig. 1 shows the basic elements of the text summarizer of the present invention. The text summanzer shown 
in Fig. 1 comprises a structure detection device 1 ,. a leading sentence extraction device 2 and a summary composition 
device 3. 

[0073] The structure detection device 1 detects the hierarchical structure of topics in a given document. The leading 
sentence extraction device 2 detects an introductory part of each topic and extracts one or more sentences directly 
55 indicating a topic content from the detected introductory part as leading sentences in a concentrated manner. The 
summary composition device 3 groups the extracted leading sentences for each topic and generates a summary. 
[0074] The structure detection device 1 ,. for example, sets up window widths of several sizes ranging from 1/4 to 
1/10 of an entire document to a paragraph, and measures a cohesion degree indicating the strength of lexical cohesion 
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in each window width. Thus, both global cohesion mainly due to words repeated at long intervals, and local cohesion 
due to words repeated at short intervals, can be obtained, and thereby the hierarchical structure of topics covering a 
large topic passage and a small, topic passage can be detected. 

[0075] Here, the hierarchical structure of topics means a hierarchical, structure with two or more layers of a plurality 
5 of topic passages composing a document. This hierarchical structure, for example, corresponds to the inclusion relation 
between topics in which each of a plurality of long passages composing a document contains one or more short topic 
passages and each, of the short topic passages further contains one or. more shorter, topic passages. 
[0076] The leading sentence extraction device 2 selects a topic of an appropriate grading (size) using the hierarchical 
structure of topics and extracts leading sentences from the introductory part of each topic. As the introductory part of 
10 a topic, for. example, a prescribed area in the vicinity of the start position of the topic is designated, and leading sentences 
are extracted from the area in a concentrated manner, (locally). 

[0077] For example, to make summary of a major topic, the leading sentence extraction device 2 extracts leading 
sentences not only from the introductory part of the major topic but also from the introductory part of a minor topic 
located at almost the same start position as that of the major topic. The leading sentence extraction device 2 also 
15 extracts a leading sentence from the introductory part of a minor, topic included in a major topic if there is room in an 
extraction amount. Since leading sentences are extracted from a fairly narrow range in a concentrated manner, the 
possibility that a summary may become a collection of unrelated sentences decreases. 

[0078] Alternatively, the leading sentence extraction device 2 adjusts the topic boundaries detected by the structure 
detection device 1 , and extracts a sentence at the boundary for each topic of an appropriate grading. First, it extracts 

20 several candidate sentences in the vicinity of each topic boundary, then identifies a boundary sentence which probably 
corresponds to a turning point of a topic, from the candidate sentences based on two kinds of relevance scores con- 
cerning a sentence: a forward relevance, indicating the sentence relevance to the topic passage just after the sentence, 
and a backward relevance, indicating the sentence relevance to the topic passage just before the sentence. 
[0070] For example, it calculates the difference between the forward and backward relevance as a relative forward 

25 relevance for each sentence in the vicinity of a topic boundary in the appearance order, and extracts a sentence at 
which the relative forward relevance rapidly increases as a boundary sentence. 

[0080] Since a turning point of a topic can be detected only with the two kinds of relevance scores in this manner, 
sentences directly indicating topic content, such as headings located at the start position of a topic, can be extracted 
even without referring to a logical structure of an input document. 
30 [0081] Furthermore, the leading sentence extraction device 2 adopts a. rage of several sentences beginning with a 
boundary sentence as an introductory part, and extracts a topic introductory sentence, which probably serves the 
purpose of introducing a topic, from each introductory part. For example, it calculates the forward relevance for each 
sentence in an introductory part, and extracts a sentence with the maximum forward relevance as a topic introductory 
sentence. 

35 [0082] The summary composition device 3 composes a summary by grouping the sentences extracted by the leading 
sentence extraction device 2 for each topic of an appropriate grading. For example, if the leading sentence extraction 
device 2 extracts sentences concerning two topics, the summary composition device 3 divides the extracted sentences 
into two topic groups and generates a summary by separating the groups with a blank line so that a reader can easily 
found out major topics of the source text with a summary. 

40 [0083] For this purpose, the leading sentence extraction device 2 in advance determines the appropriate size of a 
topic passage from which leading sentences should be extracted according to the output amount of the summary, and 
selects those passages of appropriate size based on the hierarchical structure of topics detected by structure detection 
device 1 . Thus, topics of a preferable grading can be effectively taken into a summary. 

[0084] Furthermore, if a leading sentence extracted by the leading sentence extraction device 2 is a heading with 
45 an order label, such as a section header with a section number, the summary composition device 3 separates the order 
label and body part of the sentence and outputs only the body part of the sentence. Thus, a user can read a summary 
without being bothered by label, which has no great meaning in a summary. 

[0085] Alternatively, the summary composition device 3 can process the separated order label and output it as sup- 
plementary, information to indicate the corresponding location in the original documents. In this case, the order label 

50 is transformed and outputted in such a way not to disturb the reader of a summary. 

[0086] Fig. 2 shows the basic configuration of the summary generator of the present invention. In Fig. 2, if an input 
document 11 is inputted, a text summarizes 12 generates and outputs a summary 13. The structure detection device 
1 , leading sentence extraction device 2 and summary composition device 3 shown in Fig. 1 correspond to the topic 
structure detector 25, leading sentence extractor 27 and output unit 28, respectively. 

55 [0087] The text summarizer 12 comprises an input unit 21 , a tokenizer 22, a machine-readable dictionary 24, a topic 
structure detector. 25, a leading sentence extractor 27 and an output unit 28. 

[0088] The input unit 21 reads an input document 11 and passes the input document to the tokenizer 22. The tokenizer 
22 includes a morphological analyzer 23 as a sub-module. The tokenizer 22 analyzes the input document 11 using the 
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morphological analyzer 23, and extracts content words (noun, verb, adjective, adjective verb, etc.) from the input doc- 
ument 1 1 . At this time, the morphological analyzer 23 converts sentences in the input document 11 to a word list with 
part-of-speech information by referring to the machine-readable dictionary 24. The machine-readable dictionary 24 is 
a word dictionary for morphological analysis and describes a correspondence between the notation character string 

5 of a word and information about the part of speech/conjugation, etc. 

[0089] The topic structure detector 25 includes a topic boundary detector 26 as a sub-module, and automatically 
detects topic passages, i.e. continuous parts of the input document 11 describing a common topic, using the topic 
boundary detector 26. The topic boundary detector 26 detects topic boundary candidate sections corresponding to 
sections of a low lexical cohesion degree. A lexical cohesion degree is an index for the strength of lexical cohesion in 

10 the vicinity of each position in the input document 11 ,. and for example, is calculated from the lexical similarity of a 
vocabulary which appears in windows of a specific width set up before and after each position. 
[0090] The leading sentence extractor 27 first detects the introductory part of a topic located in the vicinity of the 
start position of each topic passage detected by the topic structure detector 25, and detects a leading sentence from 
the detected introductory part. Then, the leading sentence extractor 27 calculates the number of topics to be extracted 

15 for a summary based on the ratio of the size of the input document 11 and preferable summary size, and determines 
the size of a topic passage as the unit of summary generation. Then, the leading sentence extractor 27 extracts a 
leading sentence from a topic passage of approximately the determined size. 

[0091] The output unit 28 groups the sentences extracted by the leading sentence extractor 27 for each topic, gen- 
erates a summary 1 3 and outputs the summary 1 3 as the process result. 

20 [0092] According to the text summarizer 1 2 shown in Fig. 2, the topic structure detector 25 detects topic passages, 
which are continuous document parts describing a same topic, and the leading sentence extractor 27 extracts sen- 
tences only from vicinity of the start position of each topic passage. Since sentences composing a summary are ex- 
tracted in a fairly narrow range in a concentrated manner, the possibility that the summary may become merely a 
collection of unrelated sentences decreases. 

25 [0093] In addition, the leading sentence extractor 27 extracts several sentences in the vicinity of each topic boundary 
in the appearance order and detects a sentence at which the relation degree with a topic immediately after a topic 
boundary, (forward relation degree) rapidly increases compared with the relation degree with a topic immediately before 
the topic boundary, as a boundary sentence. Thus, sentences corresponding to the turning point from a topic immedi- 
ately before the topic boundary to a topic immediately after the topic boundary can be accurately extracted even without 

30 reference to the logical structure of the input document 11 . 

[0094] Furthermore, the leading sentence extractor 27 extracts candidate sentences in a range of several sentences 
after a boundary sentence, calculates the forward relation degree of sentences after the boundary sentence and ex- 
tracts a sentence of which the forward relation degree becomes a maximum, as a topic introductory sentence. Since 
sentence deeply related to a subsequent topic passage is extracted from a position a little after the turning point of a 

35 topic, the possibility that a sentence serving the purpose of supplying supplementary information about a topic may be 
extracted, increases. 

[0095] The leading sentence extractor 27 also selects a topic passage of an appropriate grading the coherence of 
which is strong among topic passages detected by the topic structure detector 25, as a topic passage from which a 
leading sentence is extracted and extracts a leading sentence from the topic passage. Thus, topics of a preferable 

40 grading can be efficiently extracted to a summary. 

[0096] The output unit 28 groups the sentences extracted by the leading sentence extractor 27 for each topic of an 
appropriate grading, and generates and outputs a summary. Since a summary can be divided into passages of an 
appropriate grading, a summary that is easy to read and in which the breaks of a content can be found at a glance can 
be generated even if a summary 1 3 becomes long. 

45 [0097] Furthermore, the output unit 28 processes and outputs the order label information of a heading with order 
label information, such as a chapter number, etc., into supplementary information for indicating a correspondence with 
a body. Thus, a user can read a summary through without being disturbed by an order label which has no great meaning 
in the summary. The correspondence between the content of the summary 13 and the content of an input document 
11 can be easily understood. 

so [0098] The text summarizer 12 shown in Fig. 2, for example, can be configured using the information processor 
(computer) shown in Fig. 3. The information processor shown in Fig. 3 comprises an output device 41 ,. an input device 
42, a CPU (central processing unit) 43, a network connector 44, a medium driver 45, an auxiliary storage unit 46 and 
a memory (main storage unit) 47, which are connected to one another using a bus 48. 

[0099] The memory 47 includes a ROM (read-only memory), RAM (random access memory), etc., and stores a 
55 program and data used for summary generation. In this example, the input unit 21, tokenizer22, morphological analyzer 
23, topic structure detector 25, topic boundary detector 26, leading sentence extractor 27 and output unit 28 shown in 
Fig. 2 are stored in the memory 47 as program modules. The CPU 43 performs necessary processes by using the 
memory 47 and running the program. 
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[01 00] The output unit 41 ,. for example, is a display, printer, etc., and is used to output inquiries, a summary. 13, etc., 
to a user. The input unit 42, for example, is a keyboard, pointing device, touch panel, etc., and is used to input instructions 
and an input document 11 from a user. 

[0101] The auxiliary storage unit 46, for example, is a magnetic disk, optical disk, magneto-optical disk, etc., and 
5 stores information, such as an input document 1 1 , summary 1 3, machine-readable dictionary 24, etc. The information 
processor can also store in advance the program and data described above in the auxiliary, storage unit 46 and use 
the program and data by loading them into the memory 47, if required. 

[0102] The medium driver 45 drives a portable storage medium 49. and accesses the recorded content. For the 
portable storage medium 49, an arbitrary computer-readable storage medium, such as a memory card, floppy disk, 
10 CD-ROM (compact disk read-only memory), optical disk, magneto-optical disk, etc., is used. A user can also store in 
advance the program and data described above in the portable storage medium and use the program and data by 
loading them into the memory 47, if required. 

[0103] The network connector 44 communicates with an outside device via an arbitrary network (line), such as a 
LAN (local area network), etc., and transmits /receives data accompanying communications. The information processor 
15 can also receive the program and data described above from an outside device and use the program and data by 
loading them into the memory 47, if required. 

[01 04] Fig. 4 shows a variety of computer-readable portable storage media for supplying the information processor 
shown in Fig. 3 with a program and data. The program and data stored in the portable storage medium 49 or an outside 
database 50 are loaded to the memory 47. Then, the CPU 43 performs necessary processes by running the program 
20 and using the data. 

[0105] Next, the operation of each module of the text summarizer 12 shown in Fig. 2 is described in detail using a 
specific example. As an input document in Japanese, Chapter 4 "Activity Report of Network Access Technical Special 
Committee" (pp. 117-197) of "Survey Report on Trends in Natural Language Processing Systems" by the Japan Elec- 
tronic Industry Development Association (March 1997), is used. In the following embodiment, a summary consisting 

25 of a couple of A4-size sheets (approximately 1 ,500 characters) is attempted to be generated from this document. 

[0106] Conventionally, for the size of a summary, approximately 1/4 of an original document has been aimed at. It 
is a good ratio for an editorial, newspaper article, theses of several pages, etc., but is too large for such a long document 
of several tens of pages, as the one attempted to be summarized in this example (81 pages). When a document is 
read online, the maximum number of pages capable of being displayed on a screen at one time is approximately two. 

30 Taking these conditions into consideration, the size of the summary has been determined. 

[0107] Since it is not appropriate to attach the entire document, only a list of the headings of the input document is 
shown in Figs. 5 through 7 for a reference. Fig. 5 shows the headings of Section 4. 1 and 4.2 in the appearance order, 
Fig. 6 shows the heading of Section 4.3 and Fig. 7 shows the heading of Section 4.4. 

[0108] Fig. 8 is a flowchart showing a tokenization process by the tokenizer 22. The tokenizer 22 first performs a 
35 morphological analysis on the input document and generates a word list with the names of parts of speech (step S 11). 
Then, the tokenizer 22 detects contents words (noun, verb, adjective and adjective verb) using the part of speech as 
a clue, attaches a mark to the part of the document corresponding to the content word (step S12), and the process is 
terminated. Fig. 9 shows the beginning part of the input document, and Fig. 1 0 shows the corresponding outputs from 
the tokenizer 22. 

40 [0109] In step S11 shown in Fig. 8, the morphological analyzer 23 performs a morphological analysis as shown in 
Fig. 1 1 . The morphological analyzer 23 first clears the word list (step S21 ), attempts to extract a sentence with the clue 
of a period , etc. , from the beginning part of the document (step S22) , and judges whether a sentence could be extracted 
(step S23). 

[01 1 0] After a sentence is extracted, word candidates used in the sentence are extracted by referring to the machine- 
45 readable dictionary 24 (step S24). In the case of Japanese, as shown in Fig. 9, since boundaries between words are 
not structurally defined, all words corresponding to the partial character string contained in the sentence are extracted 
as candidates. For example, if a sentence "M&ffitt&tfttz" is extracted, as shown in Fig. 12, all partial character 
strings of this sentence become word candidates. 

[01 11] On the other hand, in the case of English, since boundaries between words are clearly indicated by a space, 
50 the main process is to calculate the candidates for the parts of speech of words corresponding to character strings 

separated by a space. For example, if a sentence Tokyo is the Japanese capital." is extracted, as shown in Fig. 13, 

the basic form and part of speech of the five words contained in the sentence are calculated. 

[01 1 2] Then, the morphological analyzer 23 selects an appropriate series of words from the viewpoint of adjacency 

probability at a part-of-speech level (step S25), attaches the information of the part of speech and the appearance 
55 position to the selected series of words, and adds the words to the word list in the appearance order (step S26). Then, 

a subsequent sentence is attempted to be extracted (step S27), and the processes in steps S23 and after are repeated. 

Then, if no sentence can be extracted in step S23, the process is terminated. 

[0113] In the tokenization result shown in Fig. 10, words put in brackets ([] ) are content words detected by the 
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morphological analyzer 23. If the content word is a conjugation word (verb or adjective), parts before and after a slash 
(/) in the brackets ( [] ) indicate the stem and the conjugated ending in a base-form, respectively, and they are used 
to distinguish words in a later process. It is enough for this purpose to attach both the partof speech and the conjugation 
can also be attached instead of the information. In short, arbitrary information can be used, only if it is identification 
5 information for distinguishing a pair of words which cannot be distinguished only by the stem, such as . " \,\ / " and 

[01 14] In step S25, as a method for evaluating the propriety of a series of words, a variety of morphological analysis 
methods are known, of which any can be used. For example, a method for evaluating the propriety of a series of words 
using appearance probability estimated by training data is reported, (Eugene Charniak, "Hidden Markov and Two Ap- 
10 plications" r Statistical Language Learning, Chapter 3, pp. 37-73 (The MIT Press. 1993)); Masaaki Nagata, "A Stochastic 
Japanese Morphological Analyzer Using a Forward- DP Backward- A* N-best Search Algorithm", in the Proceedings of 
COLING '94, pp. 201-207, 1994; and Masaaki Nagata, "A Stochastic Japanese Morphological Analyzer Using a For- 
ward- DP Backward-A* N-best Search Algorithm", SIG Notes NL-101-10, the Institute of Information Processing, May 
1994). 

15 [01 1 5] Although in the example shown in Fig. 1 0, the tokenizer 22 extracts all content words, a target to be extracted 
can also be restricted to only a noun. If an English document is processed as a target, the words can also be extracted 
from all words separated by a space, by removing a word which appears anywhere, regardless of a topic (functional 
words, such as an article, preposition, etc., and words which appear with a particularly high frequency), instead of 
executing a morphological analysis process. Such a process can be realized if a stop word list for storing functional 

20 words and words which appear with a particularly high frequency is used instead of the machine-readable dictionary 24. 
[01 1 6] Next, the process of the topic structure detector 25 is described. In this preferred embodiment, it is assumed 
that topic passages are detected based on the technology disclosed by the prior Japanese Patent Application No. 
10-072724, "Summary Generator and Method thereof*. According to this method, the hierarchical structure of topics 
is detected as follows. 

25 

1 .. Estimation of topic boundary position 

[0117] A section in which there seems to be a topic boundary is calculated as a topic boundary candidate section 
based on cohesion degree calculated using a specific window width. This process is repeated for a plurality of window 
30 widths of different sizes, and a series of topic boundary candidate sections that divide the source text into severed 
topic passages of apploximately same size are detected accordingly to a window width r from those correspond to the 
breaks of major topics up to those correspond to the breaks of local topics. 

2. Detection of hierarchical structure of topics 

35 

[0118] The topic boundary candidate sections calculated using different window widths are unified, and both the 
hierarchical structure of topics and the position of each topic boundary is determined. 

[01 19] In this preferred embodiment, the detection process of the hierarchical structure of topics is simplified and a 
final topic boundary position is determined by a leading sentence detection process by the leading sentence extractor 

40 27, which is described later. 

[0120] Fig. 14 is a flowchart showing a topic structure detection process by the topic structure detector 26. The topic 
structure detector 26 first receives three parameters: the maximum window width w 1f the minimum window width w min 
and a window width ratio r from a user (step S41) and calculates the aggregate of window widths W for measuring 
■ cohesion (step S42). In Fig. 1 4, the suffix of a symbol "w min " is described with an underscore as in "w_min", taking the 

45 ease of viewing the diagram into consideration. The aggregate of window widths W is produced by collecting terms 
larger than w min from a geometrical progression with both an initial term of w t and a common ratio of 1/r. 
[0121] It is practically sufficient if at this time approximately 1 12 to 1 /4 of an entire document is given for the maximum 
window width w 1 , a size of approximately a paragraph (for example, 40 words) is given for the minimum window width 
w min , and 2 is given for the window width ratio r. Therefore, w t =. 5,120 (words), w min = 40 (words) and r = 2 are used 

so in the following description. 

[0122] Next, as shown in Fig. 1 0, the topic structure detector 25 calculates the cohesion degree of each position in 
a document for each window width in W based on the document of which the content words are marked, and records 
the cohesion degree as a series of cohesion degrees (step S43). 

[0123] In this example, the topic structure detector 25 first compares a vocabulary (in this example, content words) 
55 which appears in two windows set up before and after each position (reference point) of a document, calculates a value 
which increases as the number words in a common vocabulary increases and designates the value as a cohesion 
degree in the position. Then, the topic structure detector 25 repeats the calculation of cohesion degree while sliding 
the positions of the windows by a specific interval width tic from the beginning toward the end of the document, and 
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records the calculated cohesion degree as a series of cohesion degrees moving from the beginning toward the end of 
a document. 

[0124] There is no problem caused by an interval width tic only, if a tic is smaller than a window width. However, in 
this example, a tic is assumed to be 1/8 of the window width taking process efficiency into consideration. This tic value 
can also be designated by a user. 

[01 25] Although for the calculation method of cohesion degree, there are a variety of methods, and a cosine measure 
which has been widely used as an index for a lexical similarity in a field of information retrieval, etc., is used below. 
This cosine measure is calculated according to the following equation. 



[0126] In this equation, b t and b r represent a left block (a block on the backward side of a document) and a right 
block (a block on the forward side of the document), respectively, and w t b1 and w t br represent the appearance fre- 
quencies of word t in the left and right blocks, respectively. 2^ in the right-hand side of equation (1) is a summation 
operator, of word t. 

[0127] The more vocabulary common to both the blocks, the greater the similarity degree of equation ( 1 ) (maximum 
1). Conversely, if there is no common vocabulary, the similarity degree becomes the minimum value 0. Specifically, a 
large value of the similarity degree indicates a high possibility that a common topic is handled in both the blocks, while 
a small value of the similarity degree indicates a high possibility that the point between the blocks is a topic boundary. 
[0128] Fig. 1 5 shows a series of the cohesion degree recorded in step S43. In this example, 1/4 of a window width 
w is used for an interval width tic, and document areas a1 -all are areas with a width corresponding to the interval width 
tic. d represents the cohesion degree of a window width w calculated using a boundary, between a4 and a5 in the 
document as a reference point. Specifically, d is a cohesion degree calculated using a part of document areas a 1 -a4 
and a part of document areas a5-a8 as ranges of left and right windows, respectively. 

[0129] c2 represents a cohesion degree calculated after the window is slid rightward by the window width tic, and is 
the cohesion degree of a window width w with a boundary between a5 and a6 used as a reference point. The collection 
of d, c2, c3, c4, calculated in this way after the window is sequentially slid by the window width tic is called the 
cohesion degree series of the window width w moving from the beginning of the document toward the end. 
[0130] Fig. 16 is a graph on which the cohesion degree series of a window width of 640 words are plotted against 
the total number of content words used between the beginning of a document and each reference point on the horizontal 
axis. For example, in the case of the cohesion degree c2 shown in Fig. 1 5, the total number of content words in areas 
al-a5 becomes the position of a reference point in the document. In this example, cohesion degrees are calculated 
from the beginning of the document toward the end using 1/8 of the window width of 640 words (80 words) as an 
interval width tic. 

[0131] Then, the topic structure detector 25 analyzes a cohesion degrees series of each window width using the 
topic boundary detector 26, which is a sub-module of the topic structure detector 25, and detects a section with a low 
cohesion degree as a topic boundary candidate (step S44). 

[0132] Although, as shown in Fig. 16, a minimal point in a cohesion degrees series often corresponds to an actual 
topic boundary (boundary, of a section indicated by a dotted line), all minimal points do not always correspond to the 
topic boundaries. The topic boundary detector 26 estimates only the section including the boundary position of a topic 
passage approximately the same size as the window width of each cohesion degree series using the minimal points 
of a cohesion degree series as a clue. In this embodiment, this process is realized by a moving average method. 
[01 33] Then, the topic structure detector 25 relates topic boundary, candidates which are calculated based on cohe- 
sion degree series of different window, widths to one another and outputs the topic boundary candidates (step S45). 
Here, the topic structure detection process is terminated. 

[0134] Next, the topic boundary detection process in step S44 shown in Fig. 14 is described using Figs. 15 and 17. 
A moving average method used in this example is widely used to remove fine fluctuations and to detect a more general 
tendency, in a time series analysis, which is the statistical analysis of a stock price fluctuation, etc. In this embodiment, 
the moving average method is used not only to ignore the fine fluctuations of the moving average values of the cohesion 
degree series , but is also used as a direct clue to detect topic boundary candidate sections (sections with a low 
cohesion degree) by considering the moving average value of the cohesion degree series as both the forward cohesion 
force at the start point of a moving average zone and the backward cohesion force at the end point of the moving 
average zone. 

[0135] As described earlier, Fig. 15 shows a relation between cohesion degree series cl-c4 and document areas al- 
alLThe moving average value of. a cohesion degree series is a value obtained by arithmetically averaging n consecutive 
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values in a cohesion degree series, such as (d +c2)/2 (moving average of two terms), (d +c2+c3)/3 (moving average 
of three terms), (c1 +c2+c3+c4)/4 (moving average of four terms), etc. 

[01 36] Fig. 1 7 shows a relation between an example of the moving average of the cohesion degree series shown in 
Fig. 1 5 and a document area. In this example, the moving averages of two, three and four terms shown in Fig. 1 5 are 
5 shown for the example of the moving average, and the number of times of use of each document area is shown in the 
calculation of each moving average. Those values underlined indicate that a corresponding area is used in all the 
cohesion degree calculations of the moving average. 

[0137] For example, a value "1" in the upper left corner indicates that a document area al is handled once as a part 
of a left window in the moving average calculation of four terms of d to c4. A value "2" on the right-hand side of it 
10 indicates that a document area a2 is handled twice as a part of the left window in the moving average calculation of 
four terms of c1 to c4. The same explanation also applies to other numbers of times of use. 

[01 38] Since a cohesion degree is an index for adacent each other at a point the strength of a relation between parts 
a moving average value calculated using a cohesion degree d , obtained by including an area at in a left window, also 
indicats whether the area a1 is related rightward. 
15 [0139] In other words, a moving average value indicates how strongly the area in the left window part of moving- 
averaged cohesion degrees (at to a7 against the four-term average of d to c4) is pulled rightward (forward cohesion 
force). On the other hand, conversely, it also indicates how storongly the area in the right window part of moving- 
averaged cohesion degrees (a5 to all against the four-term average of d to c4) is pulled leftward (backward cohesion 
force). 

20 [0140] As for the relation between a cohesion force and each document area is considered, it is considered that the 
contribution of an area to a cohesion force score should increase according to the number of times the area is handled 
in an window when the cohesion force score and thus the corresponding average cohesion degrees are calculated. It 
is generally considered that the more closely a target word is repeated, the stronger the lexical cohesion is. Therefore, 
it is also considered that the nearer on area locates the reference point of moving-averaged cohesion degrees (bound- 

25 ary position of left and right windows), the greater the contribution of the area to the moving average is. 

[0141] For example, in the moving average of the four terms shown in Fig. 17, the reference points of a cohesion 
degree are four of a boundary between a4 and a5, a boundary between a5 and a6, a boundary between a6 and a7 
and a boundary between a7 and a8. In this case, it is found that a4 is most frequently included in the left window, and 
is the nearest to these reference points. It is also found that a& is most frequently included in the right window, and is 

30 the nearest to these reference points. Accordingly, areas having the strongest relation to the moving average value 
are a4 and a8 for the left and right windows, respectively. 

[0142] In the same way, a4 and a7 are selected for areas having the strongest relation to the moving average of 
three terms, of the left and right windows, respectively, and a4 and a6 are selected for areas having the strongest 
relation to the moving average of two terms, of the left and right windows, respectively. The number of times of use of 

35 these areas are marked with backslashes in Fig. 1 7. 

[0143] Based on the consideration described above, the topic boundary detector 26 handles the moving average 
value of a cohesion degree as an index for both a forward cohesion force at the first reference point in a moving- 
averaged area and a backward cohesion force at the last reference point in the moving-averaged area. For example, 
the moving average value of four terms of cl to c4 becomes both a forward cohesion force on a boundary between a4 

40 and a5 and a backward cohesion force on a boundary a7 and a8. 

[0144] Fig. 18 is a flowchart showing the topic boundary detection process by the topic boundary detector 26. The 
topic boundary detector 26 first receives the i nterval wi dth tic of a cohesion degree seri es, and then receives the number 
of terms n of a moving average from a user (step S51 ). 

[0145] For example, an appropriate size of the interval width is 1/8 to 1/1 0 of a window width w and an appropriate 
45 number of terms n is approximately a half of w/tic (4-5). The distance between the first and last reference points of 
cohesion degrees to be taken a moving average of, is calculated according to an expression (n-1 )*tic, which is desig- 
nated as the width d (words) of the moving average. 

[0146] Then, the moving average of the cohesion degrees of each position p of the document is calculated within 
the range from p to p+d and is recorded in the forward cohesion force of a position p (step S52). This value is simul- 

50 taneously recorded as the backward cohesion force in the end position p+d of the moving-averaged range. 

[0147] Then, a difference between the forward and backward cohesion forces in each position (forward cohesion 
force minus backward cohesion force) is calculated from the beginning toward the end of the document based on the 
recorded forwarded cohesion force, and a point where the difference turns from negative to positive is recorded as a 
negative cohesion force equilibrium point mp (step S53). 

55 [0148] A negative cohesion force equilibrium point is a point in the left part of which a backward cohesion is dominant 
and in the right part of which a forward cohesion force is dominant. Accordingly, the left and right parts of the point are 
considered to have a weak relation with each other, and thereby the negative cohesion force equilibrium point becomes 
a candidate position of a topic boundary. 
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[0149] Then, the range covering the respective d words from immediately before and immediately after the recorded 
negative cohesion force equilibrium point mp [mp-d, mp+d] is recognized as a topic boundary candidate section (step 
S54), and the process is terminated. 

[0150] Here, the concept of detecting a topic boundary candidate section based on the difference between forward 
and backward cohesion forces is described using Fig. 19. Fig. 19 shows the distribution of both a cohesion degree 
and a forward/backward cohesion force measured using a window of a 320-word width in the vicinity, of the position 
somewhere short of the 12,000th word (between the 11,000th and 11,500th word) shown in Fig. 16. For an interval 
width tic, 1/8 of a window width is used. 

[0151] In Fig. 19, line charts plotted with a mark + , a mark * and a mark . indicate a cohesion degree series C, a 
forward cohesion force FC and a backward cohesion force BC, respectively. The area indicated by. a double rectangle 
which indicates both a topic boundary candidate section and a cohesion force equilibrium point is described later, 
[01 52] ep1 , ep2 and ep3, indicated by dotted lines, indicate three points where the difference between forward and 
backward cohesion forces becomes 0 (cohesion force equilibrium point). On the left side of the first point ep1 , a back- 
ward cohesion force is dominant over a forward cohesion force, and in the range from the right side of the first point 
epl to the next point ep2, a forward cohesion force is dominant over the backward cohesion force. In the range from 
the right side of the next point ep2 to the last point ep3, the backward cohesion force is dominant over the forward 
cohesion force, and on the right side of the last point ep3, the forward cohesion force is dominant over the backward 
cohesion force. 

[01 53] Therefore, ept and ep3 are negative cohesion force equilibrium points where the difference between forward 
and backward cohesion forces switches from negative to positive, and ep2 is a positive cohesion force equilibrium 
point where the difference switches from positive to negative. 

[01 54] It is found from these changes of a cohesion force that the left side area of the first point epl is pulled toward 
one part further on the left side, both side areas of a middle point ep2 are pulled toward ep2 and the right side area of 
the last point ep3 is pulled toward one part further on the right side. Actually, a cohesion degree plotted with forward/ 
backward cohesion forces becomes a minimum in the vicinities of both epl and ep3, and becomes a maximum in the 
vicinity of ep2. In this way, the change of a forward/backward cohesion force and the change of a cohesion degree are 
closely related to each other. 

[01 55] For example, a part P 1 indicated by a horizontal arrow in the vicinity of a cohesion force equilibrium point ep3 
shown in Fig. 19 is one part of the minimal cohesion degree. Thus, the moving average value of this part P1 (in this 
example, four-term average of d to c4) usually becomes a minimum as indicated by cohesion forces at both P2 and 
P3. However, if there are fine fluctuations in the range narrower than the area for which a moving-average is to be 
calculated, the moving average value, that is, cohesion force does not always become a minimum due to the smoothing 
operation of a moving average. 

[01 56] Since a forward cohesion force is a moving average value plotted at the start position of an area for which a 
moving average is to be calculated, the minimal position of a forward cohesion force is on the left side of the minimal 
position of a cohesion degree. For the same reason, the minimal position of a backward cohesion force is on the right 
side of the minimal position of the cohesion degree. Thus, if the fluctuations of a cohesion degree is sufficiently large, 
a cohesion force equilibrium point is generated in an area where a moving average is calculated. 
[01 57] Fig. 20 is a flowchart showing the topic boundary unification process in step S45 shown in Fig. 1 4. The topic 
structure detector 25 first sorts and groups detected topic boundary candidate sections using both the window width 
of a cohesion degree series used to detect them and the appearance position in a document of the equilibrium point 
of the topic boundary candidate secti on and generates a topic bou ndary candidate section data series B(j ) [p] (step S6 1 ) . 
[01 58] Here, a control variable j is a series number for indicating that data are detected by a cohesion degree series 
of a window width w jV and a control variable p is a data number for indicating each topic boundary candidate section 
in the series. Actually, j takes values, such as 0,1 ,2,..., in descending order of window width, and p takes values, such 

as 1 > 2 in the appearance order of cohesion force equilibrium points. Data B(0) corresponding to a series number 

0 are special data generated in correspondence with an entire document, and the topic boundary candidate sections 
are set up independently of the cohesion degree series. Each of data B(j)[p] includes the following element data. 

B(j)[P).range: Topic boundary candidate section, a set of (start position, end position) 
B (j)[p]-bp: Cohesion force equilibrium point 
■ B(j)[p].child: Topic boundary candidate section of B(j+1) series which matches the B(j)[p] in the range of topic 
boundary candidate sections in a boundary position (child candidate section) 

[0159] Here, although a cohesion force equilibrium point is theoretically a point, since it is detected as a point where 
the sign of the difference between forward and backward cohesion forces switches over, as described earlier, it is 
actually a set of a point where the difference is negative (start position) and a point where the difference is positive 
(end position). Therefore, in this preferred embodiment, a point bp where the difference between forward and backward 
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cohesion forces becomes 0 is calculated by interpolation according to the fol lowing equation, and is used as a cohesion 
force equilibrium point. 

bp = (DC(rp)*lp - DC(lp)*rp)/(DC(rp) - DC(lp)) (2) 

where Ip and rp are the start and end positions of a cohesion force equilibrium point, respectively, and DC(lp) and DC 
(rp) are the value of (forward cohesion force minus backward cohesion force) at those positions, respectively. 
[0160] Then, the obtained bp is designated to be B(j)[p].bp. 
10 [0161] Then, the topic structure detector 25 relates topic boundary candidate section data with different window 
widths to one another. Hereafter, a collection of the data BQ)[p] that belong to a series is referred by B(j). Furthermore, 
the process is described below using the following notation. 

je: Series number corresponding to the minimum window width w min 
15 - |B(j)|: Maximum value of data number p in BO) 

[0162] First, a series number j for indicating a process target is initialized to 1 (step S62). Thus, the series of a topic 
boundary, candidate section obtained using the maximum window width w r is designated as a process target. Then, 
a unification process that unifies each datum in the process target with an datum in a series of B(j+1) is performed 
20 while incrementing j as long as j+1 <je. 

[0163] In this unification process, for each topic boundary candidate section data B(j)[p] (p=1 |B(j)| in the series 

to be related, a datun in which BG+1)[q].bp is closest to B(j)[p].bp is selected and stored in BG)[p].child as unified 
boundary candidate section data. 

[01 64] The details of the procedures are as follows. First, j+1 and je are compared (step S63). If j+1<je, 1 is assigned 
25 to p (step S64), and p and |B(j)| are compared (step S65). If p<|B(j)|, unification processes in steps S66 and after are 
performed. If p exceeds |B(j)|, j=j+1 is assigned (step S71 ), and processes in steps S63 and after are repeated. 
[01 65] In step S66, the topic structure detector 25 selects data in which B(j+1 )[q].bp B(j)[p].range and in which B 

(j+1)[q]-bp is closest to B(j)[p].bp among the candidate data BG+1)[q](q=1 |B(j+1)|) unified as the datum to be unified 

and stores in B(j)[p].child. 

30 [0166] Here, the condition of B(j+1)[q] bp B(j)[p].range indicates that the topic boundary candidate section of B(j) 
[p] includes the cohesion force equilibrium point of B(j+1 )[q]. 

[0167] Fig. 21 shows a selection example of data to be unified. In Fig. 21 , line charts plotted with marks + and x 
indicate forward and backward cohesion force series, respectively, based on a window width of 640 words correspond- 
ing to a process target. Line charts plotted with * and indicate forward and backward cohesion force series, respec- 
35 tively, based on a window width of 320 words corresponding to a unification target. 

[01 68] Out of areas indicated by a double rectangle, a large rectangular area and a small rectangular area included 
in the large rectangular area correspond to a topic boundary candidate section and a cohesion force equilibrium point, 
respectively. In this example, a cohesion force equilibrium point is indicated as a small section separated by both start 
and end positions. 

40 [01 69] For example, if a datum to be processed is assumed to be B(4)[1 2], the topic boundary candidate section B 
(4)[1 2].range includes the cohesion equilibrium points B(5)[24].bp and B(5)[25].bp of two pieces of data in a series to 
be unified. Thus, both B(5)[24] and B(5)[25] become candidates for data to be unified. Since out of these, B(5)[25] is 
closer to the cohesion force equilibrium point of the data to be processed B(4)[1 2].bp, B(5)[25] is selected as data to 
be unified. 

45 [0170] Then, the topic structure detector 25 judges whether a datum to be unified could be selected (step S67). If B 
(j)[p].child is not empty, it is judged that datum to be unified could be selected. If B(j)[p].child is empty, it is judged that 
the datum to be unified could not be selected. Then, if the datum to be unified could be selected, p=p+1 is assigned 
(step S70), and the processes in steps S65 and after are repeated. 

[0171] If the datum to be unified could not be selected, a pseudo-datum (dummy datum) BQ+1)[q] to be unified having 
so the same topic boundary candidate section as that of B(j)[p] is generated and i nserted in the series of BQ+ 1 ) (step S68). 
[0172] In step S68, first, the values of B0+1)[q].range and BG+1)[q].bp are assigned to both BQ+1)[q]. range and B 
(j+1)[q].bp, and new data B(j+1)[q] are generated. Then, the generated data B(j+1)[q] are inserted in a position where 
B(j + 1)[q-1]-bp<BG+1)[q].bp and BG+1)[q].bp<B(j+1)[q+1].bp in the series B(j+1). 

[01 73] Thus, the data number q of the pseudo-datum is determined, and the data numbers of existing data after that 
55 are rewritten. The reason why pseudo-topic boundary candidate section data are generated is that in processes after 
this, leading sentences are extracted from all topic boundary candidate section data in a specific series of B(j). 
[0174] Then, the generated dummy datum BG+1)[q] is stored in B(j)[p] .child (step S69), and processes in steps S70 
and after are performed. Then, if in step S63, j+1 exceeds je, the process is terminated. 
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[0175] Finally, for the data of each series number] among all series numbers less than je, the data of a series number 
j+1 having a cohesion force equilibrium point in the topic boundary candidate section are set in BG)[p].child. Therefore, 
a plurality, of levels of topic boundary candidate section data are unified in a chain form. 

[01 76] Fig. 22 shows the detection result of topic boundaries obtained in this way. In Fig. 22, out of areas indicated 
5 by double rectangles, a large rectangular area corresponds to a topic boundary candidate section, and a small rectan- 
gular area included in the large rectangular, area corresponds to cohesion force equilibrium points. B(1), B(2), B(3) and 
B(4) represent series corresponding to the window widths of 5,120 words, 2560 words, 1 ,280 words and 640 words, 
respectively, and numbers attached to the double rectangles [1], [2], .... indicate the data number in each series. 
[01 77] The boundary data of number [0] corresponding to the start position of an entire document are added to each 
10 series to extract the leading sentence for a topic passage at the beginning of a document, in particular a leading 
sentence for an entire document (B(0)). The width of the topic boundary candidate section of data of number [0] of any 
series is set to approximately a moving average width based on the minimum window width (25 words). 
[01 78] In the detection result shown in Fig. 22, a tendency that the larger the window width based on which a boundary 
is detected, the larger, the topic the break of which the boundary corresponds to, can be found. For example, the topic 
15 boundaries based on the maximum window width (5,120 words) correspond well to the start position of the biggest 
sections, such as sections 4.3 or 4.4, and the topic boundaries based on the second largest window width (2,560 
words) correspond well to the second biggest sections, such as sections, 4.3.1 , 4.3.2, etc. 

[0179] The process of the leading sentence extractor 27 is described next. Roughly speaking, there are two kinds 
of processes in the process of the leading sentence extractor 27. The first process is a leading sentence detection 

20 process, and detects the leading sentence of each of the topic passages which has been detected by the topic structure 
detector 25 and determines a boundary position. The second process is a leading sentence extraction process, and 
adjusts the grading of a topic to be taken into a summary according to the output amount of the summary. 
[0180] For each of the topic boundary candidate sections detected by the topic structure detector 25, the leading 
sentence extractor 27 identifies a sentence located in the position where the next topic starts, from sentences in the 

25 topic boundary candidate section. Then, the leading sentence extractor 27 markes this sentence as the leading sen- 
tence of the first kind (boundary sentence). 

[01 81] Then, the leading sentence extractor 27 records the position of this boundary sentence as the start position 
of the introductory part of the topic and recognizes a part after the boundary sentence in the candidate section as the 
introductory part. Then, the leading sentence extractor 27 selects a sentence at which the degree of relation to the 

30 topic passage becomes a maximum as the leading sentence of the second kind (topic introductory sentence). 

[01 82] The leading sentence extractor 27 uses two kinds of relation degrees, a forward relation degree and a back- 
ward relation degree, in order to detect both the boundary sentence and topic introductory sentence. A forward relation 
degree is an index for the degree of relation between each sentence in the topic boundary candidate section and the 
next topic passage. A backward relation degree is an index for the degree of relation between each sentence in the 

35 topic boundary candidate section and the previous topic passage. 

[0183] Here, the relation degree r s b between a sentence S and a topic passage b can be defined based on the 
repetition state of specific vocabulary. For example, the relation degree r s b is calculated according to the following 
equation. 



[01 84] In equation (3), |S| represents the total number of words contained in the sentence S, and |b| represents the 
total number of words contained in the topic passage b. tf w b represents the appearance frequency of a word w in the 
topic passage b, and |D| represents the number of blocks obtained by splitting the entire document at intervals of a 

50 fixed width (80 words). df w represents the number of blocks in which word w appears. 

[01 85] The equation (3) is a variant of the measure that a piece of iiterrature by the inventor of the present invention 
(Yoshio Nakao, "Automatic Keyword Extraction on the Topic Structure of a Text", SIG Notes FI-50-1, Information 
Processing Society, of Japan, July 1 998) proposed as an effective and simple measure for term importance estimation. 
This piece of literature reports important words, the words that appear in headings in this case, could be effectively 

55 extracted by evaluating a word with the mahtmatical formula following X in the equation (3) and extracting words in the 
descending order of the evaluation score. 

[0186] Tha calculation method of the relation degree r s b between the sentence S and topic passage b is not limited 
to equation (3), and a variety of mwthods are available. However, since the relation degree based on equation (3) has 
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the following advantages, this preferred embodiment adopts this calculation method. 

[0187] The calculation method of the relation degree r s b between the sentence S and topic passage b is not limited 
to equation (3), and a variety of methods are available. However, since the relation degree based on equation (3) has 
the following advantages, this preferred embodiment adopts this calculation method. 

(1 ) High importance is attached to words with a high-appearance frequency in a topic passage. 

If a word in the sentence S appears in a topic passage to be calculated in a high appearance frequency, the 
value of tf w b increases and the relation degree increases. 

(2) High importance is attached to a word with a significantly high appearance density in a topic passage. 

The lower the appearance density of a word in an entire document, the larger the value of the log part. There- 
fore, if a word with a low appearance density in the entire document appears in both the sentence S and the topic 
passage b, the relation degree increases. 

(3) High importance is attached to a word which are locally annotated repeatedly. 

The part in log is the inverse number of a modified appearance density calculated by reducing the appearance 
frequency of a word that locally appears in a concentrated manner such as a word which indicates an important 
topic and is annotated repeatedly. Therefore, if a word in the sentence S appears concentrated in one place of the 
topic passage, the relation degree increases. 

[0188] Since the final boundary position of each topic passage is the start position of a boundary sentence, some of 
those positions are not determined in the process of a leading sentence detection process. Therefore, in the leading 
sentence detection process, if the boundary position is not determined, the relation degree is calculated using the 
position of a cohesion force equilibrium point detected by the topic structure detector 25 as the temporary position of 
a topic boundary. 

[0189] Figs. 23 and 24 are flowcharts showing the leading sentence detection process by the leading sentence 
extractor 27. The leading sentence extractor 27 first divides an entire document into blocks of a fixed width, sums the 
number of blocks in which each word w in the document appears and records the number as a block appearance 
frequency df w (step S81 shown in Fig. 23). Then, the maximum value of a series number je is assigned as the initial 
value of the control variable j for indicating the series number of a process target (step S82). Thus, topic boundary 
candidate section data corresponding to the minimum topics are assigned to the process target. 
[0190] Then, leading sentence detection for a series B(j) is performed as long as j>0. First, it is judged whether j is 
0 or more (step S83), and if j is less than 0, the process is terminated. Then, 0 is assigned to p (step S84) and p and 
|B(j)| are compared (step S85). If p<|B(j)|, processes in steps S86 and after are performed. If p exceeds |B(j)|, j=j-1 is 
assigned (step S91 ), and the processes in steps S83 and after are repeated. 

[0191] In step S86, it is judged whether there are topic boundary candidate section data (child candidate section 
data) about a smaller topic related to Bfl)[p]. If there are child candidate section data, B(j)[p].range is replaced with the 
topic boundary candidate section BQ)[p] .child .range (step S87). If there are no child candidate section data, the process 
in step S87 is skipped. 

[01 92] Then, it is judged whether BQ)[pl are dummy data (step S89). If the data are dummy data, the process shown 
in Fig. 24 is skipped, p=p+1 is assigned (step S90) and the next data are processed. 

[0193] If B(j)[p] are not dummy data, the leading sentence extractor 27 extracts a sentence at least a part of which 
is included in BG)[p].range, as a candidate for a leading sentence s[i] (1<i<ie) (step S92 shown in Fig. 24) and performs 
the detection process of two kinds of leading sentences (a boundary sentence and a topic introductory sentence). 
Here, ie represents the number of candidates for extracted leading sentences. 

[0194] First, the leading sentence extractor 27 calculates both forward and backward relation degrees of all extracted 
candidates s[i] according to equation (3) (step S93) . Then, the leading sentence extractor 27 checks a forward relative 
relation degree, that is, the difference between the forward relation degree and backward relation degree from the top 
sentence to the end sentence among the candidates (step S94). Then, the leading sentence extractor 27 detects a 
sentence at which the forward relative relation degree is positive and the increment of the forward relative relation 
degree over that of the previous sentence is maximum, as a boundary sentence and recognizes candidates after the 
boundary sentence as the introductory part. 

[0195] Generally speaking, both the forward and backward relation degrees often rapidly change on the boundary 
between topics. Therefore, the detection accuracy of a boundary sentence is expected to be improved by using the 
increment in the difference between the forward and backward relation degrees as described above. 
[0196] Then, it is judged whether a boundary sentence can be detected (step S95). If the boundary sentence can 
be detected , a sentence having the maxim urn forward relation degree is selected as a topic introductory sentence from 
candidates located after (or identical to) the boundary sentence (step S96). If the boundary sentence can not be de- 
tected, a sentence having the maximum forward relation degree of all candidates is selected as both a boundary 
sentence and a topic introductory sentence (step S97). 
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[01 97] Then, the end of B(j)[p].range is aligned to the position of the detected boundary sentence (step S98) p=p+ 1 
is assigned (step S90 shown in Fig. 23) and the processes in steps S85 and after are repeated. Then the leading 
sentence detection process of the next topic boundary, candidate section data is performed. 

[0198] In step S98, the end position of a topic boundary candidate section is modified in order to detect a boundary 
sentence of a larger topic in the range before the boundary sentence of the topic to be currently processed in a later 
process. Thus, for example, if a section heading is located immediately after, a chapter heading, the possibility of 
detecting the section and chapter headings as boundary sentences of small and large topics, respectively can be 
increased. 

[0199] Fig. 25 shows a detection example of a leading sentence in the vicinity, of the start position of section 4 4 
(somewhere short of the 12,000th word on the horizontal axis shown in Fig. 22) of an input document In Fig 25 
sentences after a sentence marked with <OUTSIDE> (located at the 12,002nd word) and up to the last sentence 
(located at the 12,055th word) are candidates for a leading sentence, and at least a part of the sentences overlaps a 
topic boundary candidate section (in this example, a section of 35-word width [12,026, 12,059]). In this example a 
topic introductory sentence is selected from the candidates located after a boundary sentence 
[0200] In a sentence marked with <BOUNDARY> (located at the 12,031st word), the difference between a forward 
relation degree (the value of the column "Immediately after") and a backward relation degree (the value of the column 
"I mmediateiy before"), that is, a forward relative relation degree (the value of a column "After minus before") is positive 
(0.01 6) and an increment from that of the previous sentence (-0.008) is the maximum (0.024). Therefore, this sentence 
is recognized as a boundary sentence. 

[0201] The forward relation degree of a sentence marked with <INTRODUCTORY> (located at the 12 033rd word) 
is the maximum (0.023) in sentences located after the boundary, sentence (in this example, two sentences). Therefore', 
this sentence is detected as a topic introductory sentence. 

[0202] In a subsequent summary composition process, it is preferable that a boundary sentence is a heading and 
that a topic introductory sentence is a sentence for introducing a subsequent topic. In the process shown in Fig 24 it 
is possible to increase the number of both boundary and topic introductory sentences which meet these requirements 
by using some additional features of candidates sentence, such as a sentence end expression, a sentence type etc 
[0203] For example, a heading sentence often terminates without a period in English or a "kuten" (fullstop) in Japa- 
nese. Under these circumstances, if in step S94, the detection of a boundary sentence is attempted only for sentences 
which terminate without a period or a "kuten" out of leading sentence candidates, and the detection process for the 
other sentences only when a boundary sentence could not be detected in those sentences, the possibility that a de- 
tected boundary sentence may match the heading of a document can be increased. 

[0204] A Japanese sentence for introducing a subsequent topic often terminates with the predicative form of a verb 
such as \ and an English sentence for introducing a subsequent topic is often a sentence of a presentffuture 

tense beginning with a pronoun of the first person, such as T or "we", or a noun phrase indicating a document com- 
ponent, such as "This chapter". In this case, if in step S96, the detection of a topic introductory sentence is attempted 
only for sentences which meet these requirements and the detection process for the other sentences is performed 
only when a topic introductory sentence can not be detected in those sentences, the possibility that a detected topic 
introductory sentence may match a sentence for introducing a subsequent topic can be increased. 
[0205] Fig. 26 is a flowchart showing the leading sentence extraction process by the leading sentence extractor 27 
The leading sentence extractor 27 first receives from a user two parameters: a preferable size of a summary Sa and 
a preferable extraction amount of each topic St (step S1 01 ). 

[0206] Then, the leading sentence extractor 27 calculates the appropriate number of topics to be extracted Nt by 
dividing Sa by St (step S102), selects the topic boundary candidate section data series in the lowest level consisting 
of Nt or less boundaries, and sets the series number in the control variable j (step S1 03). Thus, B(j) can be assigned 
to the basic target of a leading sentence extraction process, and the grading of a topic is determined. 
[0207] In the example, since Sa and St are assumed to be approximately 1 ,500 characters and approximately 150 
characters, respectively, Nt=1 0 is obtained. In this case, according to the detection result of a topic structure shown in 
Fig. 22, topic boundary candidate section data based on a window width of 1 ,280 words (series number 3) is the basic 
target of the leading sentence extraction process. 
so [0208] Then, for all topic boundary candidate section data B(j)[p] of. a series number j, the leading sentence extractor 
27 sets the output position of a topic boundary indicating symbol at the start position of a boundary sentence located 
at the front in each topic boundary candidate section, that is, the boundary sentence of the largest topic passage (step 
S 1 04). Based on this information, leading sentences will be separated and outputted for each topic passage when the 
output unit 28 generates a summary. 

55 [0209] The leading sentence extractor 27 continues to perform the process of extracting a leading sentence from B 
0) series, as long as j<je. 

[021 0] First, the leading sentence extractor 27 judges whether j is je or less (step S1 05), and if j is more than ie the 
leading sentence extraction process is terminated. 
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[0211] If j is je or less, the leading sentence extractor 27 designates B(j) as a leading sentence extraction series and 
calculates a series number corresponding to the largest topics passage whose topic boundary candidate section datum 
is related to each topic boundary candidate section datum B(j)[p]. Then, the leading sentence extractor 27 sorts this 
B(j)[p] data in ascending order of the obtained series number (step S106). Thus, the data number p of B(j )[p] are 

5 rearranged in the sorting order. 

[021 2] Such an operation is not essential, but is performed in order to extract a leading sentence from larger topics 
with higher priority. Thus, if a leading sentence extraction process is stopped due to the restriction on the output amount 
of a summary in step S1 09, a leading sentence for a larger topic can be used by the summary. 
[021 3] Then, the leading sentence extractor 27 assigns 0 to p (step S107) and compares p with |BQ)| (step S1 08). 

10 If p<|B(j)|, the leading sentence extractor 27 performs the processes in steps S1 09 and after If p exceeds |B(j)|, the 
leading sentence extractor 27 assigns j=j+1 (step S112) and repeats the processes in steps S 105 and after. 
[0214] Then, the leading sentence extractor 27 checks whether there is room to extract a sentence under the re- 
striction of Sa and St (step S1 09). If there is no room to extract, the leading sentence extraction process is terminated. 
If there is room to extract, the leading sentence extractor 27 extracts a boundary sentence, a topic introductory sentence 

15 and the foremost boundary sentence of the boundary sentences contained in the topic boundary candidate section of 
B(j)[p] to be processed as sentences to be extracted (step S110). 

[021 5] Then, the leading sentence extractor 27 assignes the next piece of data to a process target by assigning 
p=p+1 (step S11 1 ),. and repeats the processes in steps S1 08 and after. 

[021 6] Since a topic passage of a small cohesion degree often has no detailed information as in a part where only 
20 supplementary items are listed, there is a case that skipping sentence extraction from those parts causes a preferable 
effect to make the resulting summary more concise. The following reformation of the leading sentence extraction pro- 
cedure is an example of appropriate ways for such purpose. First, prior to the step S110, the leading sentence ex 
tractor 27 calculates the cohesion degree of the topic passage that follows the surrent target datum B(j)[p] t then skips 
step S110 if obtained cohesion degree is smaller than a specific reference value. 
25 [02 1 7] Fig. 27 is a flowchart showing the cohesion degree calculation process performed in such a case. The leading 
sentence extractor 27 first receives a topic section to be processed b and the window width of the topic section w (step 
S121) and compares the size of the topic section b with w (step S122). 

[021 8] If the size of the topic section b is larger than w, the leading sentence extractor 27 calculates the maximum 
cohesion degree in a section remaining after removing parts of w/2 on both ends from the topic section b, records the 

30 value as a central cohesion degree (step S1 23) and terminates the process. If the size of the topic section b is w or 
less than w, the leading sentence extractor 27 stores the cohesion degree in the center position of the topic section b 
as a central cohesion degree (step S1 24) and the process is terminated. The central cohesion degree obtained in this 
way is compared with the reference value and it is judged whether the extraction of a leading sentence is skipped. 
[0219] Fig. 28 is a flowchart showing a summary generation process by the output unit 28. The output unit 28 first 

35 designates the leading sentences extracted by the leading sentence extractor 27 as s[i] (1<i<ie) and sorts the leading 
sentences in the appearance position order in an input document 11 (step S131). Then, the output unit 28 designates 
the output positions of topic boundary indicating symbols set by. the leading sentence extractor 27 as bfj] (1<j<je) and 
sorts the output positions in the same way (step S1 32). 

[0220] Then, the output unit 28 assigns 1 to both the control variables i and j to assign the first items of both the 
40 leading sentences and topic boundary output positions to a process target (step S1 33). Then, the output unit 28 con- 
tinues to perform the output process of leading sentences as long as i<ie. 

[0221] In this process, the output unit 28 first compares i with ie (step S134) and if i>ie, the process is terminated. 

If isie, the output unit 28 compares the location data LOC of (b[j]) of the topic boundary output position b[j] with the 

location data LOC(s[i]) of the leading sentence s[i] to be outputted (step S1 35). 
45 [0222] If the leading sentence s[i] is located after the topic boundary output position bfl], the output unit 28 outputs 

a topic boundary indicating symbol (step S136), assigns j=j+1 (step S137) and repeats the processes in steps S135 

and after. A topic boundary indicating symbol is a symbol used to separate a topic of an approariate grading, which is 

determined to be extracted by the leading sentence extractor 27, and, for example, is a blank line, etc. 

[0223] If the leading sentence s[i] is located before the topic boundary output position bfj], the output unit 28 outputs 
50 the leading sentence s[i] (step S1 38), assigns the next leading sentence to an output target by assigning i=i+1 (step 

S139), and repeats the processes in steps S1 34 and after. 

[0224] Figs. 29, 30 and 31 show a summary generated by such a process. This summary has a length of 1 ,449 
characters (the ratio of the number of characters to those in the input document is 1 .5%), is divided into eleven parts 
by ten blank lines (topic boundary indicating symbols) and is outputted. This summary result shows that an appropriate 
55 amount of topics of an appropriate grading is taken into a summary according to parameters with which the leading 
sentence extractor 27 is provided. 

[0225] In the parts separated by a blank line in this summary generation, most of the relations between sentences 
are clear. In addition, the content of a sentence often relates to the introduction of a research content, etc., and is easy 
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to understand. However, there is a part with an in appropriate mixture of topics, such as 
"4.3.3 M^tHlr&RZSMTMWtM contained in a part beginning with "(4) shown in Fig. 30, al- 

though the number of such parts is smaller 

[0226] However, on the whole, the summary generation result shown in Figs. 29, 30 and 31 indicates that according 
to the present invention, even a long document can be summarized as intended. The fact that an appropriate heading 
is often extracted at the beginning of each part separated by a blank line indicates that according to the present inven- 
tion, appropriate topic boundaries can be detected even without referring to a logical structure of a document. 
[0227] By utilizing the fact that an appropriate heading is often extracted at the beginning of each part separated by 
a blank line, the topic structure in a summary can be more heavily emphasized and more clearly presented. For example, 
the break of a topic can be more heavily emphasized and more clearly presented by handling a sentence immediately 
after a blank line as a heading, outputting the sentence as an independent line and indenting subsequent sentences. 
[0228] Fig. 32 shows an example of emphasizing a topic passage in a summary, by such a method. This summary 
generation result is obtained by emphasizing and outputting a heading located immediately after a topic boundary 
indicating symbol (blank line) after modifying the length parameter of an entire summary (preferable size of a summary 
Sa) to 500. characters and extracting leading sentences. 

[0229] The summary shown in Fig. 32 includes the headings of sections 4.1 , 4.3 and 4.4, but does not include the 
heading of section 4.2. In such a case, the reader of the summary may bother about what is written in section 4.2. 
Such a mental load of the reader can be reduced by. removing or reforming an order specifying label of a heading as 
shown in Fig. 35. 

[0230] For example, if the order label is removed from the heading, first the heading is outputted, the order label is 
processed into a form like "( 4 . #88 meaning "see section 4", and attached to the heading as supplementary infor- 
mation (corresponding point indicating expression) for indicating a correspondence with an original document, a sum- 
mary as shown in Fig. 33 can be generated. In Fig. 33, "( 4 . #B8 )", . " ( 4 . 3#M )" and " ( 4 . 4#ffi )" are attached to the 
respective headings as corresponding point indicating symbols. 

[0231] Fig. 34 is a flowchart showing such a leading sentence output process. This process is performed in step 
S1 38 shown in Fig. 28 instead of an ordinary output process. The output unit 28 first judges whether the position of a 
leading sentence to be outputted s[i] is immediately after a topic boundary indicating symbol (step S1 41 ). if the position 
is immediately after the topic boundary indicating symbol, the output unit 28 judges whether s[i] is a heading with an 
order label (step S142). 

[0232] If s[i] is a heading with an order label, the output unit 28 removes the order label from the heading (step S 143) 
and generates a corresponding point indicating expression using the order label (step S144). Then, the output unit 28 
outputs both the heading and corresponding point indicating expression (step S145) and the process is terminated. 
[0233] If in step S 141 the position of s[i] is not immediately after the topic boundary indicating symbol and if in step 
S142 s[i] is not a heading with an order label, the output unit 28 outputs s[i] as usual (step S146) and the process is 
terminated. 

[0234] In the summary generation process described above, in addition to a blank line, arbitrary indication informa- 
tion, such as a ruled line, etc., can be used as a topic boundary indicating symbol, and an order label can include 
arbitrary order information, such as a chapter number, alphabet, etc., in addition to a section number. For the corre- 
sponding point indicating expression, an arbitrary expression can be used in addition to 4 . #$! ) . 
[0235] In the summary generation process described above, a topic in a resulting summary is divided and outputted 
using only one hierachical level of topic boundaries (boundary data of B(1) series in Fig. 33). However, if a plurality of 
hierarchical levels of topic boundaries are used together, both major and minor topics can be separated and outputted 
in a resulting summary. 

[0236] For example, a part beginning with h 7— 9 Jb <£&^+r—fc:X(4.3#i$r includes the respective 
boundary sentences M ( i ) 7- Httiti " and " ( 4 ) " of the boundary data B(2)[2] and B(2)[3] of B(2) series. 

If the boundary sentences are handled as headings and outputted in the same procedure, a summarization result as 
shown in Fig. 35 is obtained. 

[0237] A case where a draft specification for a U.S. patent application (23,000 words) is used for an English input 
document is described next. In this example, the following process and parameters are adopted. 

(1) Word detection method: a method of using a stop word list 

(2) Window widths for cohesion degree calculation: 

Maximum window width w t = 6,556 (words) 
Minimum window width w min = 1 04 (words) 

Interval width tic = 13 (words)(average number of words per sentence in the input document) 

(3) Extraction amount in leading sentence extraction: 

Preferable size of summary Sa: Approximately 1 ,000 characters 
Preferable extraction amount of each topic St: Approximately 300 characters 
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[0238] Since it is not appropriate to attach the entire document for reference, a list of headings in the input document 
is shown in Fig. 36. In Fig. 36, expressions inside () are the abbreviations of headings attached for clarification, and 
they are not contained in the input document. 

[0239] Fig. 37 shows the beginning part of the input document, and Fig. 38 shows the result of the tokenization 
5 process of the part. In Fig. 38, parts bracketed by [] correspond to detected words. A word with a capital letter for only 
the first character of the word is replaced with a word with all small letters inside Q. 

[0240] In this example, words are extracted using a space and a piece of punctuation, such as ". rt , ":", ";", etc., 
as a clue, and out of those, words included in a stop word list shown in Fig. 39 are removed. A stop word list is a list 
in which words that are not desired to be extracted as keywords, such as articles, prepositions, etc., are defined in 
io advance. 

[0241] Fig. 40 shows the topic structure detection result by the topic structure detector 25. In Fig. 40, (Bg), <1 >, etc., 
which are described near a section boundary, represent the abbreviations of the headings shown in Fig. 36. 
[0242] Fig. 41 shows the detection example of a leading sentence in the vicinity of the start position of the heading 
of <2> in the input document (somewhere short of the 6,000th word on the horizontal axis shown in Fig. 40). In Fig. 
15 41 , a sentence between the first sentence (located at the 5,522nd word) and the last sentence (located at the 5,571 st 
word) is a candidate for a leading sentence, and at least a part of these sentences overlaps a topic boundary candidate 
section (in this example, the 41 -word width section of [5,545, 5,585]). 

[0243] In a sentence marked with <BOUNDARY> (located at the 5,564th word), the difference between a forward 
relation degree (the value of a column "immediately after") and a backward relation degree (the value of a column 

20 "immediately before"), that is, a forward relative relation degree (the value of a column "immediately after" minus "im- 
mediately before") is positive (0.089) and the increment after a forward relative relation degree immediately before the 
present one (-0.026) is the maximum (0.115). Therefore, this sentence is detected as a boundary sentence. 
[0244] In a sentence marked with <INTRODUCTORY> (located at the 5,567th word), the forward relation degree is 
the maximum (0.051 ) among sentences after the boundary sentence (in this example, two sentences). Therefore, this 

25 sentence is detected as a topic introductory sentence. 

[0245] Fig. 42 shows a summary generated by grouping the extracted leading sentences by four major topics cor- 
responding to B(1 ) shown in Fig. 40. This summary has a length of 91 4 characters (the ratio of the number of characters 
to those in the input document is 0.7%), and is divided into four parts. In this example, the leading sentence of each 
topic is outputted as a heading. If sentences which terminate without a period continue in the beginning of each topic, 

30 all such sentences are handled as headings and are outputted. 

[0246] In the preferred embodiments described above, a summarization processes is described using both Japanese 
and English documents as examples. However, in addition to these documents, the present invention can apply to a 
document of an arbitrary language and an arbitrary form, and a similar result can be obtained. 
[0247] An input document is not necessarily limited to a digitized electronic document, and, for example, a document 

35 printed on a medium of paper, etc., can also be used. In this case, by reading document images using an opto-electronic 
converter, such as an image scanner, etc., and recognizing the characters, document data in which a tokenization is 
available can be generated. 

[0248] According to the present invention, for a long document of several tens of pages, the hierarchical structure 
of topics including topic passages ranging from approximately 1 12 to 1 /4 of the entire document size to an approximate 
40 size of a paragraph (several tens of words to 100 words) can be detected. By utilizing this hierarchical structure, a 
summary with a concise summary, containing sentences which directly indicate the topic, can be generated. By utilizing 
the hierarchical structure of topics, a summary can be divided into several topics of an appropriate grading and be 
outputted. 

[0249] Accordingly, even a long document, a summary the content of which is easy to understand can be generated, 
45 and even a long summary can be presented in a form that is easy to read. 



Claims 

50 1 . A text summarization apparatus ( 12), comprising: 

leading sentence extraction means (2, 27) for detecting an introductory part of each topic in a given document 
and extracting one or more sentences from the introductory part in a concentrated manner; and 
summary composition means (3, 28) for generating a summary using the extracted sentences. 

55 

2. A text summarization apparatus (12) according to claim 1 , comprising: 

structure detection means (1 , 25) for detecting a hierarchical structure of topics; 
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wherein the sentences extracted by the leading sentence extraction means (2, 27) are extracted as leading 
sentences and directly, indicate a topic content from the introductory part; and 

the summary composition means (3, 28) is for. grouping the extracted leading sentences for each topic. 

5 3. A text summarization apparatus according to claim 2 , wherein said leading sentence extraction means extracts a 
boundary sentence corresponding to a turning point of a topic as a leading sentence from sentences located in a 
vicinity of a topic boundary detected by said structure detection means, based on a difference between a forward 
relation degree indicating a relation degree between a sentence and a topic passage immediately after the topic 
boundary, and a backward relation degree indicating a relation degree between the sentence and a topic passage 

10 immediately before the topic boundary. 

4. A text summarization apparatus according to claim 3, wherein said leading sentence extraction means further 
extracts a topic introductory sentence serving a purpose of introducing a topic from sentences of the introductory 
part beginning with the boundary sentence as a leading sentence based on the forward relation degree. 

15 

5. A text summarization apparatus according to any of the preceding claims, wherein said summary composition 
means groups the leading sentences for each topic of an appropriate size and outputs the grouped sentences. 

6. Atext summarization apparatus according to any of the preceding claims, wherein said leading sentence extraction 
20 means determines a size of a topic to be used by the summary according to an output amount of the summary. 

7. A text summarization apparatus according to any of the preceding claims, wherein said summary composition 
means removes order label information of a heading included by the leading sentence from the leading sentence 
and outputs a leading sentence without the order label information. 

25 

8. A text summarization apparatus according to claim 7, wherein said summary composition means processes the 
order label information and outputs the order label information as supplementary information for the leading sen- 
tence without the order label information. 

30 9. A computer-readable storage medium (46, 47, 49, 50) on which is recorded a program enabling a computer to 
execute a process, said process comprising: 

detecting a hierarchical structure of topics in a given document; 
detecting an introductory part of each topic; 
35 extracting one or more sentences directly indicating a topic contentfrom the introductory part in a concentrated 

manner; and 

grouping the extracted leading sentences for each topic and generating a summary. 
10. A text summarization method, comprising: 

40 

detecting a hierarchical structure of topics in a given document based on a repetition state of a set of vocab- 
ulary; 

detecting an introductory part of each topic based on a repetition state of a vocabulary; extracting one or more 
sentences directly indicating a topic content from the introductory part in a concentrated manner; and 
45 grouping the extracted leading sentences for each topic and generating a summary. 
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